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Abstract 
To study thermal conditions of air reciprocating slow speed long-stroke compressors with linear drive, test bench is developed. Experimental 
dependences of the injected gas and gas condition instantaneous parameters in a working chamber under water and air cylinder cooling for 
different operating conditions are obtained. Considerable influence of the external cooling on such compressor temperature conditions is 
proved. 
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1. Introduction 
Predictive theoretical estimation of the reciprocating air slow speed compressors thermal conditions has proved the 
efficiency of the blast external cooling of the cylinder [1, 2]. However, in the known calculation techniques for reciprocating 
compressors for calculating heat exchange processes empirical dependences obtained for reciprocating compressors with 
essentially different diameter -piston stroke ratio, as well as different operating cycle time [3 – 8] are used, and that leads to the 
considerable uncertainty during calculating temperature conditions of reciprocating air slow speed compressors [9]. Thus, 
experimental research of the temperature conditions of reciprocating air slow speed compressors seems to be an up-to-date 
task. 
2. Study subject  
For carrying out experimental research, a teat bench with linear drive is developed. General overview of the bench is given 
in Fig.1, measurement circuit and reciprocating compressor layout are presented in Fig.2.  
The bench consists of the frame with two layers. The lower layer houses an oil tank and a pump unit for supplying oil to a 
hydro-cylinder. At the upper layer a filter, a throttle, a back-flow valve, a hydraulic control valve, a hydraulic cylinder, and a 
single-stage reciprocating compressor are located (Fig.1). 
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Fig.1. General overview of the test bench. 
Piston1 is moved through rod 2 by hydrocylinder rod which is operated, in its turn, by a hydro-accumulating station. The 
developed stage being a stage without lubrication, sealing collars 3, fixed on piston 1, are made from self-lubricating material 
caprolon. Base 4 is mounted on a common base plate. Piston 1 moves in cylinder 5. At the top part of the stage valve plate 6 is 
located. This plate is made smooth with milled grooves and bores for equipment installation. Cover 7 is located over the plate. 
Between plate 6 and cover 7 there is a space, providing pumping both air and water through it and changing the cooling 
condition by doing so. Pressure indicator 10 and temperature indicator 9 are used for measuring, respectively, the pressure and 
the temperature of the compressed gas in the working chamber. Thermocouples 8 are fixed in plate 6 for measuring the 
temperature of the plate 6 internal and external surfaces. Thermocouples data registration is made by voltmeter 11. Pressure 
and temperature indicators information go to digital oscilloscope 13 through amplifier 12 and are shown on the personal 
computer screen 14.  
Experimental research of the long-stroke slow speed stage was carried out under the following single-valued conditions: 
geometrical conditions: cylinder diameter is 0.15 m; piston stroke is 0.2 m; boundary conditions: cooling medium temperature 
is 293К, cooling medium is water or air; physical conditions: compressed gas is air; initial conditions: initial gas temperature is 
293 К, suction pressure is 0.1 MPa, discharge pressure is 0.2 – 0.6 MPa.  
 
Fig.2. Schematic diagram of the test bench: 1 – piston; 2 – rod; 3 – sealing rings; 4 – base; 5 – cylinder; 6 – plate; 7 – cover; 8 – thermocouples; 9 – 
temperature indicator; 10 – pressure indicator; 11 – millivoltmeter; 12 – amplifier; 13 – digital oscilloscope; 14 – personal computer. 
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3. Methods 
In the case under consideration the main task of the experimental research was measurement of the average temperature in 
increasing and decreasing spaces and instantaneous gas temperature in the working chamber of the reciprocating compressor. 
To measure the instantaneous gas temperature inertialess sensor, made on the basis of bead thermistor was used. In contrast 
with previously used with these purposes fast-response sensors, bead like sensor has better overall sizes, which provides its 
using even in small diameter cylinders, as well as in not easily accessible parts of the  compressor flowpath, such as valves 
flowpath.  A thermistor is a resistance thermometer, made on the basis of mixed oxides of transition metals; it is classified by 
the type of thermal resistivity constant (positive and negative TRC). Structurally, bead like (0.3) mm thermistor was used in 
during the experiment.  
Thermistors transfer function is quite linear in the temperature range from minus 100° С to plus 200 ° С. According to [13-
15], they have high reliability rate. 
Basic schematic diagram of the test circuit is given in Fig. 2. After start up, hydro station begins working in a closed 
condition with discharging the process fluid into a tank until there is a signal of a hydraulic control valve solenoid control from 
a control unit. After the solenoid action process fluid is supplied into the hydrocylinder working space and a PC starts. When 
the condition becomes steady, the data from thermocouples 8 is recorded with the help of millivoltmeter 11 and thermocouples 
calibration characteristics. With the help of digital oscilloscope 13 temperature and pressure curves inside the cylinder space 
were shown on the PC screen 14. 
 The experiment was carried out under two cooling conditions of the working chamber walls: the first being with blast 
cooling by water flushing through the cylinder jacket and the second being without water cooling. 
 
Methodology inaccuracy  
Instantaneous temperature measurement inaccuracy while using bead thermistor will have the following form [10-12]. 
2 2 2 2
Ò Ì t V FG G G G G       (1) 
where ÌG is multimeter inaccuracy, defined by the device inaccuracy, 0.34%; 
tG is thermometer inaccuracy, defined by the device inaccuracy, 0.1%; 
VG  is voltmeter inaccuracy, defined by the device inaccuracy, 0.3%; 
FG is calculation inaccuracy according to the obtained interpolate formula, 1.5%. 
2 2 2 20.34 0.1 0.3 1.5 1.57%ÒG      
 
The difference between the experimental and the calculated data by gas temperature is not more than 7.5%. 
Cycle time setting inaccuracy is determined by digital oscilloscope accuracy and is equal to 0.05%. 
Inaccuracy of measuring the average temperature of discharge gas, suction pressure and average walls temperature is 
determined by thermocouples inaccuracy and is equal to 2%. 
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4. Results and discussion 
 
Fig.4. Changing of the instantaneous gas temperature in the working chamber at cycle time being 6 s. (Рd = 0.3MPa): 1 – without water cooling; 2 - with blast 
water cooling. 
 
Fig.5. Dependence of the average temperature of discharge gas on the discharge pressure at cycle time being 4 s.: 1 – without water cooling; 2 - with blast 
water cooling. 
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Fig.6. Dependence of the average temperature of discharge gas on the discharge pressure at cycle time being 1 s: 1 – water cooling tank; 2 - with blast water 
cooling. 
 
Fig.4 presents experimental dependences of the cylinder gas temperature change for the condition with blast stage cooling 
and without cooling for discharge pressure 0.3 MPa and cycle time 6 s. For the blast cooling condition, changing of the gas 
temperature in the cylinder occurs in the rage of 310…328К, for the condition without cooling – in the range of 320…366 К. 
Thus, the difference in maximum temperature reaches almost 40 К. 
Fig.5 and 6 show experimental dependences of the average temperature of discharge gas on the discharge pressure, at cycle 
time being 4 and 1 s., respectively. Maximum temperature difference, obtained for discharge pressure 0.5 MPa, is 20 К. 
5. Conclusion 
The analysis of the experimental research has shown that for the considered operating conditions of the air low flow 
reciprocating compressor under external cylinder cooling both the average discharge gas temperature and the maximum, так 
instantaneous gas temperature in the working chamber are significantly lower than under air cooling. This proves the 
prognostic theoretical estimation of the efficiency of using blast external cooling for low flow reciprocating compressors 
obtained earlier by the authors. It should be noted that the results of the operating processes theoretical research were proved 
by the obtained experimental data both regarding the stage cooling conditions influence and the cyclic time influence.     
 Moreover, the obtained results of measurement the gas temperature in the working chamber will let us define more 
accurately the mathematical model of such compressor operating process concerning the calculation of heat exchange between 
gas and working chamber walls. 
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